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1. How we use 1. How we use 
hydrodynamics/transport modelshydrodynamics/transport models

• “All models are wrong, 
some are useful.”

Modelers must:
• Understand nut/bolts
• Be detail oriented
• Be skeptical
• Be transparent about 

model capability
• Proceed boldly



1. How we use 1. How we use 
hydrodynamics/transport modelshydrodynamics/transport models

• Questions drive everything
• Parsimony of time/space scales and data
Examples:

Will we meet standards? (course time/space, 1D)
SMSCG operation effects? (semi-course 
time/space, 1D)
What is the frequency and magnitude of tidal 
inundation at potential restoration sites? (fine, 2D)
Will sediment accrete on a particular site? (fine 
time/space scale, 2D/3D model)



2. Modeling tools2. Modeling tools

• DSM2  (1D finite difference model)
• RMA (1-2-3D finite element model)



DSM2 model
• ~ 500 channels
• ~ 400 nodes
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DSM2 model
• ~ 500 channels
• ~ 400 nodes
• Channels have rectangular shape

2. Modeling tools2. Modeling tools

Actual Channel Cross-section

DSM2 x-section representation



DSM2 model
• ~ 500 channels
• ~ 400 nodes
• Channels have rectangular shape
• Channels have constant shape over 

their length
NODE

NODE
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DSM2 grid in the Suisun Marsh
2. Modeling tools2. Modeling tools



RMA Model
• Full Bay/Delta Model

2. Modeling tools2. Modeling tools

Boundary of DSM2 ModelBoundary of DSM2 Model

Boundary of RMA ModelBoundary of RMA Model



2. Modeling tools2. Modeling tools

RMA Model
• > 25,000 finite elements



2. Modeling tools2. Modeling tools

RMA Model
• > 25,000 finite elements
• Handles high friction areas 
(like fringe marsh.)



2. Modeling tools2. Modeling tools

RMA Model
• > 25,000 finite elements
• Handles high friction areas 
(like fringe marsh.)

• Allows wetting and drying 
elements



RMA model grid development
2. Modeling tools2. Modeling tools

Grid conforms to estuary area and bathymetryGrid conforms to estuary area and bathymetry

RMA Grid _________RMA Grid _________



Compare RMA model grid to DSM2 grid
2. Modeling tools2. Modeling tools
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Suisun Bay bathymetry dataSuisun Bay bathymetry data

RMA Model bathymetry representation

2. Modeling tools2. Modeling tools



Van Sickle Island Levee Breach ConfigurationsVan Sickle Island Levee Breach Configurations
2. Modeling tools2. Modeling tools

Narrow Breach caseNarrow Breach case Wide Breach caseWide Breach case



2. Modeling tools2. Modeling tools
How each model handles BlacklockHow each model handles Blacklock

Possible breach sitePossible breach site



2. Modeling tools2. Modeling tools
DSM2 Representation of BlacklockDSM2 Representation of Blacklock

DSM2

DSM2

““ChannelChannel””



2. Modeling tools2. Modeling tools
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DSM2
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Model representation of Model representation of ““ChannelChannel””



2. Modeling tools2. Modeling tools
DSM2 Representation of BlacklockDSM2 Representation of Blacklock

DSM2

DSM2

Water and constituent motionWater and constituent motion



2. Modeling tools2. Modeling tools
RMA Representation of BlacklockRMA Representation of Blacklock



2. Modeling tools2. Modeling tools
RMA Velocity Field SimulationRMA Velocity Field Simulation



3. 1995 WQCP modeling3. 1995 WQCP modeling

• 1994 accord provided for additional spring 
outflow

• Modeling by Kamyar Guivetchi showed 
Marsh standards could be met without 
additional facilities.

• SMPA amendment three: “changed 
conditions”--new emphasis on facilitating 
water management.



3. 1995 WQCP modeling3. 1995 WQCP modeling

Questions
• Where, how often, and by how much, will 

Marsh standards be exceeded?
• How often would we operate the SMSCG to 

meet standards?
• What is impact of September SMSCG ops?
• DSM1 was an adequate tool for addressing 

these questions.



3. 1995 WQCP modeling3. 1995 WQCP modeling

• DSM1 Model (Similar to DSM2)
• 72 year simulations
• Hydrology input from DWRSIM (CALSIM)
• Input is monthly averages (Sac, SJR, export, etc)
• 19-year mean tide…
• So, it’s very course input data
•• Model output for SWRCB 1995 WQCP report:Model output for SWRCB 1995 WQCP report:



Where, how often, and how much would we exceed standards?

Collinsville National Steel

Beldons Landing Volanti

Sunrise Goodyear at
MIDS

Cordelia at Ibis

From SWRCB 1995 WQCP reportFrom SWRCB 1995 WQCP report



Standard Standard 
ExceedenceExceedence

SummarySummary

From SWRCB 1995 WQCP reportFrom SWRCB 1995 WQCP report
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Where?

How often?
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3. 1995 WQCP modeling3. 1995 WQCP modeling



Where?

How often?
By how much?

From SWRCB 1995 WQCP reportFrom SWRCB 1995 WQCP report

Standard Standard 
ExceedenceExceedence

SummarySummary

3. 1995 WQCP modeling3. 1995 WQCP modeling



How often would we How often would we 
operate the SMSCG operate the SMSCG 
to meet standards?to meet standards?
---------------------------------------------------------------------

From SWRCB 1995 WQCP reportFrom SWRCB 1995 WQCP report

3. 1995 WQCP modeling3. 1995 WQCP modeling



By month

From SWRCB 1995 WQCP reportFrom SWRCB 1995 WQCP report

3. 1995 WQCP modeling3. 1995 WQCP modeling

How often would we How often would we 
operate the SMSCG operate the SMSCG 
to meet standards?to meet standards?
---------------------------------------------------------------------



By month

By water year type

From SWRCB 1995 WQCP reportFrom SWRCB 1995 WQCP report

3. 1995 WQCP modeling3. 1995 WQCP modeling

How often would we How often would we 
operate the SMSCG operate the SMSCG 
to meet standards?to meet standards?
---------------------------------------------------------------------



By month

By water year type

By station

From SWRCB 1995 WQCP reportFrom SWRCB 1995 WQCP report

3. 1995 WQCP modeling3. 1995 WQCP modeling

How often would we How often would we 
operate the SMSCG operate the SMSCG 
to meet standards?to meet standards?
---------------------------------------------------------------------



What is the What is the 
impact of impact of SeptemberSeptember

SMSCG operationSMSCG operation
over 73over 73--years?years?

With Sept gate operations

Without Sept gate operations

From SWRCB 1995 WQCP reportFrom SWRCB 1995 WQCP report

3. 1995 WQCP modeling3. 1995 WQCP modeling



CALFED Ecosystem Restoration Goals:

• 1,500 ac. Shallow Water Habitat

• 5,000 - 7,000 ac. Tidal Marsh

• Protect 40,000 - 50,000 acres of existing 
Managed Wetlands

4. CALFED Suisun Marsh 4. CALFED Suisun Marsh 
Levee Investigation TeamLevee Investigation Team



The Initial Charge to the The Initial Charge to the Suisun Marsh Suisun Marsh 
Levee Investigation TeamLevee Investigation Team from CALFEDfrom CALFED::

•• Should Suisun Marsh Levees be included in Should Suisun Marsh Levees be included in 
the CALFED Levee Program?the CALFED Levee Program?

•• If Suisun Marsh levees are added to the If Suisun Marsh levees are added to the 
program, are there program, are there opportunitiesopportunities for water for water 
quality improvement and ecosystem quality improvement and ecosystem 
restoration?restoration?



Grizzly 
2726 Ac

Morrow 
2225 Ac

Simmons 
2237 Ac

Wheeler 
1848 Ac

Chipps 987 Ac

Van Sickle 
2168 Ac

Northwest 
Option 

5434 Ac

Western 
Option  

3971 AC

Central 
Option  

5789 Ac

Northeast
Option  

5763 Ac

Montezuma 
Wetlands 
Project

CALFED - Suisun Marsh Levee Breach Study Areas

Tidal Marsh

Shallow Water
Levee Breach 
Location

4. CALFED Suisun Marsh Levee Investigation4. CALFED Suisun Marsh Levee Investigation



Summary resultsSummary results

• Tidal Marsh “options”
• Shallow water habitat “options”

4. CALFED Suisun Marsh Levee Investigation4. CALFED Suisun Marsh Levee Investigation



100` breach

Morrow Island 100’
Levee Breach
July 29, 1992

Shallow Water Habitat OptionShallow Water Habitat Option

4. CALFED Suisun Marsh Levee Investigation4. CALFED Suisun Marsh Levee Investigation



5000` breach

Morrow Island 5000’
Levee Breach
July 29, 1992

Shallow Water Habitat OptionShallow Water Habitat Option

4. CALFED Suisun Marsh Levee Investigation4. CALFED Suisun Marsh Levee Investigation



100` breach

Grizzly Island 100’
Levee Breach
July 29, 1992

Shallow Water Habitat OptionShallow Water Habitat Option

4. CALFED Suisun Marsh Levee Investigation4. CALFED Suisun Marsh Levee Investigation



5000` breach

Grizzly Island 5000’
Levee Breach
July 29, 1992

Shallow Water Habitat OptionShallow Water Habitat Option

4. CALFED Suisun Marsh Levee Investigation4. CALFED Suisun Marsh Levee Investigation



100` breach

Van Sickle Island 100’
Levee Breach
July 29, 1992

Shallow Water Habitat OptionShallow Water Habitat Option

4. CALFED Suisun Marsh Levee Investigation4. CALFED Suisun Marsh Levee Investigation



5000’ Breach

Van Sickle Island 5000’
Levee Breach
July 29, 1992

Shallow Water Habitat OptionShallow Water Habitat Option

4. CALFED Suisun Marsh Levee Investigation4. CALFED Suisun Marsh Levee Investigation



Western Tidal Marsh Option 
100’ Levee Breach

July 29, 1992

100` breach

Tidal Marsh OptionTidal Marsh Option

4. CALFED Suisun Marsh Levee Investigation4. CALFED Suisun Marsh Levee Investigation



Western Tidal Marsh Option 
5000’ Levee Breach

July 29, 1992

5000` breach

Tidal Marsh OptionTidal Marsh Option

4. CALFED Suisun Marsh Levee Investigation4. CALFED Suisun Marsh Levee Investigation



Northwest Tidal Marsh Option 
100’ Levee Breach

July 29, 1992

100` breach

Tidal Marsh OptionTidal Marsh Option

4. CALFED Suisun Marsh Levee Investigation4. CALFED Suisun Marsh Levee Investigation



Northwest Tidal Marsh Option 
5000’ Levee Breach

July 29, 1992

5000` breach

Tidal Marsh OptionTidal Marsh Option

4. CALFED Suisun Marsh Levee Investigation4. CALFED Suisun Marsh Levee Investigation



Central Tidal Marsh Option 
100’ Levee Breach

July 29, 1992

100` breach

Tidal Marsh OptionTidal Marsh Option

4. CALFED Suisun Marsh Levee Investigation4. CALFED Suisun Marsh Levee Investigation



Central Tidal Marsh Option 
5000’ Levee Breach

July 29, 1992

5000` breach

Tidal Marsh OptionTidal Marsh Option

4. CALFED Suisun Marsh Levee Investigation4. CALFED Suisun Marsh Levee Investigation



Northeast Tidal Marsh Option 
100’ Levee Breach

July 29, 1992

100` breach

Tidal Marsh OptionTidal Marsh Option

4. CALFED Suisun Marsh Levee Investigation4. CALFED Suisun Marsh Levee Investigation



Northeast Tidal Marsh Option 
5000’ Levee Breach

July 29, 1992

5000` breach

Tidal Marsh OptionTidal Marsh Option

4. CALFED Suisun Marsh Levee Investigation4. CALFED Suisun Marsh Levee Investigation



5. Writing group modeling review5. Writing group modeling review

• Hill Slough West
• Blacklock
• Meins Landing
• West Grizzly Island 
• Van Sickle



Depiction of Levee Grade Down Areas

5. Writing group modeling review5. Writing group modeling review



140 acres

IMPACT OF HILL SLOUGH WEST LEVEE GRADE DOWN

PERCENT CHANGE IN JULY – SEPTEMBER SALINITY

WY2003 HYDROLOGY

DSM2 MODEL

5. Writing group modeling review5. Writing group modeling review



69 
acres

IMPACT OF BLACKLOCK LEVEE GRADE DOWN

PERCENT CHANGE IN JULY – SEPTEMBER 
SALINITY

WY2003 HYDROLOGY

DSM2 MODEL

5. Writing group modeling review5. Writing group modeling review



666 
acres

IMPACT OF MEINS LANDING LEVEE GRADE DOWN

PERCENT CHANGE IN JULY – SEPTEMBER SALINITY

WY2003 HYDROLOGY

DSM2 MODEL

5. Writing group modeling review5. Writing group modeling review



2,960 
acres

IMPACT OF GRIZZLY TIP LEVEE GRADE DOWN

PERCENT CHANGE IN JULY – SEPTEMBER SALINITY

WY2003 HYDROLOGY

DSM2 MODEL

5. Writing group modeling review5. Writing group modeling review



IMPACT OF COMBINED (w/out Grizzly tip) LEVEE GRADE DOWN

PERCENT CHANGE IN JULY – SEPTEMBER SALINITY

WY2003 HYDROLOGY

DSM2 MODEL

5. Writing group modeling review5. Writing group modeling review



2,168 acres

IMPACT OF VAN SICKLE LEVEE BREACHES

PERCENT CHANGE IN JULY – SEPTEMBER SALINITY

WY2003 HYDROLOGY

DSM2 MODEL

5. Writing group modeling review5. Writing group modeling review



IMPACT OF VAN SICKLE GRADE DOWN

PERCENT CHANGE IN JULY – SEPTEMBER SALINITY

WY2003 HYDROLOGY

DSM2 MODEL

2,168 acres

5. Writing group modeling review5. Writing group modeling review



6. Summary of Salinity 6. Summary of Salinity 
Modeling ResultsModeling Results



SummarySummary
Range of Percent Salinity Change* from Levee Breach ScenariosRange of Percent Salinity Change* from Levee Breach Scenarios

*numbers are percent change of salinity compared to base condition
** numbers are width of levee breach for each scenario

Western Marsh Eastern Marsh Delta
Scenario low high low high low high

Morrow Island 100** -1 +6 -6 -2 -6 -4

Morrow Island 5000 +5 +11 +3 +4 0 +5

Grizzly Island 100 -1 +6 -8 -6 -8 -5

Grizzly Island 5000 +6 +10 +5 +8 0 +3

Van Sickle Island 100 -17 -8 -15 +8 -9 +21

Van Sickle Island 5000 +1 +5 -6 +3 0 +6

Western Tidal Marsh option 100 +4 +16 -3 +6 -3 -8

Western Tidal Marsh option 5000 +2 +9 -5 -1 -3 -7

Northwest Tidal Marsh option 100 +2 +20 -9 -3 -5 -8

Northwest Tidal Marsh option 5000 +1 +10 -3 -1 -3 -1

Central Tidal Marsh option 100 +3 +18 -1 +9 -9 -6

Central Tidal Marsh option 5000 +3 +20 -7 +2 -10 -6

Northeast Tidal Marsh option 100 -2 +3 -24 +6 -8 -3

Northeast Tidal Marsh option 5000 -10 -1 -28 +22 -12 -5

Hill Slough West (levee grade down) +1 +8 0 -2 0 0

Blacklock (levee grade down) 0 0 0 +4 0 0

Meins Landing (levee grade down) +2 +7 -3 +3 0 +5

Grizzly Island (levee grade down) +3 +4 -1 +7 0 +6



Thank youThank you
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